Both the number of lesions and their total volume are larger in fast FLAIR images of the brain compared with conventional spin echo. Using surface coils, FLAIR was shown to be more sensitive than conventional spin echo sequences in detecting multiple sclerosis lesions in the cervical cord.67 The suppression of the signal from the CSF was thought to improve the sensitivity of spinal cord imaging by reducing CSF related artefacts which potentially mask the lesions. The time saving given by fast FLAIR compared with standard FLAIR makes fast FLAIR much more attractive for practical applications. Similarly, it was thought that improvements in the inplane resolution made possible by the FSE sequence would also lead to an increase in sensitivity for detecting intrinsic cord lesions.2 The use of multicoil arrays also allows images of the whole spinal cord to be obtained with good signal to noise ratio and resolution.
Abstract
Objectives-To compare the sensitivity of fast spin echo (FSE) and of fast fluid attenuated inversion recovery (fast FLAIR) in detecting spinal cord lesions in multiple sclerosis. Methods-With a 1 5 Tesla machine and a multicoil receiver array, FSE images (with two different pixel sizes) and fast FLAIR images of the spinal cord were obtained from 13 patients with multiple sclerosis. Results-Twenty three lesions (10 cervical, 12 thoracic, and one lumbar) were found in seven patients (54%) using FSE with the larger pixel size. Seventeen lesions (seven cervical and 10 thoracic) were detected in the same seven patients using FSE with smaller pixel size. Nine lesions (five cervical and four thoracic) were found using fast FLAIR in six patients (46%). All the lesions found using fast FLAIR were detected using the other two techniques and all the lesions detected by FSE with smaller pixel size were detected using FSE and greater pixel size. Conclusion-Fast FLAIR sequences detect substantially fewer cord lesions in patients with multiple sclerosis.
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PATIENTS
Thirteen (five men and eight women) consecutive outpatients with clinically definite multiple sclerosis8 entered the study. Nine had relapsing-remitting and four had secondary progressive multiple sclerosis. The mean age was 34 4 (SD 9-3) years, the median duration of the disease was four (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] years, and the median expanded disability status scale (EDSS)9 was 2-0 (range 0-7 0). Patients who had experienced an acute relapse or who had taken steroids during the preceding six months were excluded from the study. Written informed consent was obtained from all the patients before inclusion.
MRI
All MRI was were carried out using a 1-5 Tesla superconducting system (Vision, Siemens, Erlangen, Germany). The receiver coil array consisted of six separate coils, although only four of the elements were active. The slice thickness was 3 mm, with a field of view (FOV) greater than 500 mm in the superior-inferior direction in all cases, enabling the entire cord to be visualised. For the fast FLAIR images, two separate acquisitions were necessary to give enough slices to completely cover the spinal cord; these two acquisitions were therefore performed with alternating slices interleaved. A total of nine slices was obtained for all the sequences used. The image acquisition parameters were as follows:
(1) FSE with larger pixel size: TR = 3817 ms, TE = 112 ms, echo train length = 15. The phase encoded direction was superior-inferior with FOV = 655 x 500 (phase encode x readout), raw data matrix = 512 x 512, pixel size = 1-279 x 0-976 mm (phase encode x readout), number of signal averages = 1, acquisition time = 2 min 13 s. This sequence incorporated gradient moment nulling (flow compensation) in the readout and slice selection directions. The short acquisition time for this sequence allowed the phase encoding to be in the superior-inferior direction, thus reducing the possibility of motion related artefacts from being superimposed on the spinal cord. Phase encoding oversampling was used to remove the wrap artefact, and the final image was displayed with 500 x 500 mm FOV.
(2) FSE with smaller pixel size: TR = 5000 ms, TE = 112 ms, echo train length = 15, FOV = 500 x 500, raw data matrix size = 720 x 1024, pixel size = 0-694 x 0-488 mm (phase encode x readout), number of signal averages = 1, acquisition time = 4 min 5 s. This sequence incorporated gradient moment nulling only in the readout direction. Phase encoding was anterior-posterior.
(3) fast FLAIR sequence: TR = 9000 ms, TE = 105 ms, TI = 2200 ms, echo train length = 7, FOV= 250 x 500 mm, raw data matrix size = 210 x 512, pixel size = 1 190 x 0-976 mm (phase encode x readout), number of signal averages = 1, total acquisition time = 9 min 18s. This sequence had no gradient moment nulling. Phase encoding was anterior-posterior.
The TR, TE, and TI we used are similar to those of a previous comparative study with conventional spin echo and FLAIR.6 However, there were some implementational differences; in particular, the fast FLAIR sequence we used incorporated slice selective inversion pulses, whereas the FLAIR sequence used by I   C2 small  C2 small  C2 small  C4 small  2  C4-C5 large  T4-T5 large  T7 small  T4-T5 large  T7 small  T9 small  T6 small  T9 small  T7 small  T9 small  T9 small  T9 small  3  T4 small  T4 small  no Recently, new sequences (magnetisation transfer gradient recalled echo, FSE with better inplane resolution, and FLAIR) have been proposed to increase further the sensitivity of MRI in detecting intrinsic spinal cord lesions.2671' Contrary to expectations, our study, which is the first carrying out a systematic comparison between FSE and fast FLAIR using a multicoil array in patients with multiple sclerosis, shows that fast FLAIR and FSE with smaller pixel size detect fewer spinal lesions compared with FSE with larger pixel size. Whereas there were some implementation differences between these three sequences, it is not thought that these could account for our findings. For example, the lower resolution FSE sequence incorporated gradient moment nulling in the readout and slice selection directions, and thus we might expect this to lead to more false positive lesions in the other two sequences because of flow artefacts; this was clearly not the case. The different sensitivities of the two FSE sequences might be explained by the fact that the better inplane resolution obtained with a smaller pixel size is offset by the poorer resultant signal to noise ratio. In addition, use of multiple echo acquisition may influence the detection of small objects.'2 The intensity of small objects and edges is enhanced in the phase encoded direction on multiecho sequences with long echo times. Because the spinal cord is a narrow object, the orientation of the cord with respect to the phase encoded direction may influence the severity of edge artifacts. Thus when the long dimension of the cord is in the phase encoded direction (as for the low resolution FSE images) the severity of the edge artefacts should be reduced. These artefacts may mask cord lesions when the phase encoded direction lies across the cord.
On the other hand, it is perhaps more difficult to explain why the sensitivity of fast FLAIR is inferior to that of FSE. There are three aspects of the image acquisition which might go some way towards accounting for the poor performance of the fast FLAIR sequence used here. Firstly, it is possible that a longer echo time might improve FLAIR sensitivity, although the echo time we used was similar to that in a previous study with conventional FLAIR.6 The optimum echo time for fast FLAIR of the cerebrum in multiple sclerosis is somewhat longer than that used by US.3 13 Secondly, as spinal cord relaxation times are different from those in the brain,'4 it may be that a shorter TI would result in better lesion detection, even at the expense of some com-promise on CSF suppression.'5 Thirdly, because of the CSF suppressing properties of the fast FLAIR sequence, the edges of the cord are sharper, and the edge enhancement artefact noted above may be more severe, potentially further masking the internal features of the cord. It was not possible to make the phase encoding direction superior-inferior for either the fast FLAIR sequence or the high resolution FSE sequence, as this would have led to an intolerably long acquisition time. However, it might be expected that the lack of gradient moment nulling could result in flow artefacts on the fast FLAIR images. The fact that fewer lesions were seen on fast FLAIR images suggests that there were no "false" lesions resulting from flow artefacts. It may be that, because of the CSF suppression in fast FLAIR, the use of flow compensation is unnecessary.
These sequence related aspects, however, are probably not enough to explain the greatly reduced sensitivity of fast FLAIR. We know, from previous experience with the brain, that the sensitivity of fast FLAIR compared with conventional spin echo is variable in different anatomical regions: fast FLAIR is much more sensitive than conventional spin echo in detecting cortical/subcortical lesions, whereas the reverse is true for lesions located in the posterior fossa.5 It is therefore conceivable that in CNS areas located below the tentorium, for reasons which remain unknown, multiple sclerosis lesions may have intrinsic characteristics different from those located in the supratentorial brain. The MRI properties of the lesions may therefore be very different and the pulse sequences would have to be further optimised for these areas. If these speculations are confirmed by further studies, the different behaviour of multiple sclerosis lesions when different sequences are applied might lead to a better understanding of the pathophysiology of the disease. On the other hand, lesions in the posterior fossa and spinal cord may, because of their location, play an important part in the development of disability in multiple sclerosis. The poor sensitivity of fast FLAIR in these areas is of serious concern if it is to be used to monitor the natural evolution of the disease, or the effect of treatment.
